Nutritional requirements and breeding behavior of perognathus  Final report, 1 Jan. - 1 Sep. 1968 by Ostwald, R.
University of Cal i forn ia  a t  Berkeley Department of Nu t r i t i ona l  Sciences 
F ina l  Report 
January 1, 1968 - Septe 
NASA G r a n t  NGR-0 5 -00 3-11 8 
T i t l e  : Nut r i t i ona l  Requirements and Breeding Behavior o f  Perognathus 
I. 
11. 
111. 
Prote in  Requirements: 
A. 
B. 
e; 
I n  continuation of our s tud ie s  of t h e  reasons why casein cannot replace 
soy pro te in  i n  our semi-synthetic d i e t  ( s ee  previous semi-annual r epor t )  
w e  have found t h a t  t h e  casein we used contained SO2 (Joslyn,  M. A. and 
J. Leich ter ,  Thiamine i n s t a b i l i t y  i n  experimental wet diets containing 
commercial casein with sulfur dioxide,  J. Nutr. 96: 1, 1968, 89-93) and 
suspected t h a t  t h i s  may l e a d  t o  t h e  des t ruc t ion  of thiamine and maybe 
o the r  nu t r i en t s .  The use of SO,-free pro te in  d id ,  however, not  improve 
i t s  adequacy for P.Pe. or P.Lo. The problem, therefore ,  needs fu r the r  
inves t iga t ion .  
W e  have t r ied  s t i l l  another p ro te in  t o  s u b s t i t u t e  f o r  soy pro te in .  
4 Pe. and 4 Lo. were f ed  a d i e t  s imi l a r  t o  gly-7 but  egg albumin (22%) 
was subs t i t u t ed  f o r  soy pro te in .  The Pe. are a l i v e  but not  looking too 
w e l l  a f t e r  4 months, while a l l  Lo. died within 3 weeks. W e  th ink  t h a t  
t h i s  d i f f e r e n t i a l  response i s  more a function of body s i z e  than of 
species  difference,  analogous t o  t h e  longer su rv iva l  of Kangaroo rats 
on B e l l ' s  d i e t  compajred t o  Pe. 
The study of t h e  e f f e c t s  of methionine have not shown in t e rp re t ab le  
results (Table I ) .  
t o  t h e  d i e t  composed of na tu ra l  food s t u f f s  (sunflower and millet  
seeds)  has no de le te r ious  e f f e c t  on e i t h e r  P.Pe. o r  P.Lo. 
of methionine i n  a syn the t i c  diet containing soy p ro te in ,  or casein,  
however, appear t o  be t o x i c  t o  both species .  Although t h e  number of 
a n i m a l s  used were i n s u f f i c i e n t  it appears as i f  P.Pe. may  be more 
suscept ib le  t o  methionine t o x i c i t y  while P.Lo. may be more suscept ib le  
t o  de le te r ious  e f f e c t s  of a high p ro te in  content regardless  of t h e  
amount of methionine. 
The addi t ion of methionine a t  a l e v e l  of  1.25% 
Lower l eve l s  
Response of Kangaroo Rats (Dipodomys m e r r i a m )  : 
W e  have shown previously ( see  previous semi-annual r epor t )  t h a t  t h i s  dese r t  
rodent has s imi l a r  d i e t a ry  requirements as does Perognathus. 
on semi-synthetic d i e t  and cannot t o l e r a t e  t h e  B e l l l s  d i e t .  We have now 
t r i e d  the  supplementation of t h i s  l e t h a l  diet with ca r ro t s  and found t h a t  
t h i s  modification leads t o  an adequate d i e t  f o r  th-se animals as it does 
fo r  Perognathus. 
this d i e t .  
They do wel l  
A group of Kangaroo rats i s  doing w e l l  af'ter 8 months oil 
Adequacy of t he  semi-synthetic d ie t  f o r  maintenance of adult Per.  Longimembris: 
We have previously reported t h a t  t h e  serai-synthetic d i e t  i s  adequate f o r  
P.Pe. i n  terms of maintenance of organ weight, carcass composition and 
hematological parameters. (The p o s s i b i l i t y  t h a t  t h e  diet could not f u l l y  
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2. 
IV. 
maintain normal hematological parameters w a s  shown t o  be due t o  technica l  
d i f f i c u l t i e s .  
plus  ca r ro t s  d i e t  showed a de le te r ious  effect on t h e  hematocrit or blood 
count).  We have now t e s t e d  P.Lo. f o r  t h e  same parameters. Four diet 
groups were s tudied:  Mixed seeds f o r  2 months (l), mixed seeds f o r  1 year  
(2 )  , semi-purified d i e t  f o r  1 year  (3)  , and B e l l ' s  + ca r ro t s  f o r  6 months ( 4 )  
( f o r  d i e t  composition see previous semi-annual r epor t s ) .  The r e s u l t s  show 
(Table 11) t h a t  body weights and organ weights were the same i n  a l l  groups, 
a f inding similar t o  t h a t  i n  P.Pe. The carcass composition of t h e  animals 
fed seed diets (1 and 2) were similar t o  P.Pe. fed the  same diet, although 
P.Lo. tended t o  have a higher proportion of fat (and, of course, l e s s  water) 
than P.Pe. 
On r e t e s t i n g  ne i ther  t h e  semi-synthetic d i e t  nor B e l l ' s  
, The males f ed  the  seed d i e t  had much less fa t  than those f e d  e i t h e r  t he  
semi-synthetic or t h e  B e l l ' s  + ca r ro t  d i e t  (Table 111). This e f f e c t  of' d i e t  
i s  a l s o  r e f l ec t ed  i n  t h e  combined data (Table 11), although t h e  differences 
were not s t a t i s t i c a l l y  s i g n i f i c a n t  because of t h e  l a rge  ind iv idua l  va r i a t ion  
i n  t h e  females. An increase i n  body fat has not  been oberved i n  m a l e  P.Pe. 
f ed  t h e  same semi-synthetic d i e t ,  when compared w i t h  seed-fed animals. This 
may be due t o  t h e  f a c t  t h a t  t he  group of P.Pe. t e s t e d  had been on this d i e t  
f o r  only 2 months, while t he  present group of P.Lo. had been on t h e  d i e t  f o r  
3. year .  
A s  i n  t h e  case of P.Pe., t h e  hematological daha were s i m i l a r  f o r  P.Lo. 
f e d  seeds,  taken t o  be t h e i r  "natural" d i e t  and those fed  t h e  semi-synthetic 
d i e t  f o r  t h e  same length of time (Table IV; Group 2 and 3 respec t ive ly) .  
The same i s  probably t r u e  for those f e d  the  B e l l ' s  plus  c a r r o t  diet .  
out of t h e  3 animals t e s t e d  was obviously out of l i n e . )  
[One 
- 
f o r  only 2 months with t h e  o ther  groups with residence ranging f rom 1-2 years  
shows a curious increase i n  MCHC with length of residence i n  t h e  laboratory.  
(Group 4 animals had been i n  the  laboratory f o r  1-2 years  before placing on 
t h e  B e l l ' s  + ca r ro t  d i e t . )  
doubtful. 
A comparison of animals i n  Group 1 which had been i n  t h e  laboratory 
Whether these  da ta  a re  of s ign i f icance  i s ,  however, 
The apparent decrease of t h e  hematocrit i n  Groups 2 ,  3, and 4 compared 
Blood w a s  drawn i n t o  syr inges w e t  with t o  Group 1 i s  probably an a r t i f a c t .  
heparin so lu t ion  fo r  Groups 2, 3, and 4 while they were f irst  dr2ed f o r  Group 
1. Since only 150 p l t  blood w a s  obtained a d i l u t i o n  with 10-15 u l t  would 
account f o r  t h e  lower hematocrits .  
Breeding Behavior: 
We have previously reported t h a t  t h e  induction of estrus i n  P.Te. by "screen- . 
pair ing" (semi-annual repor t  Aug.-Dec. 1967) seems t o  be influenced by t h e  
photoperiod. W e  a r e  now repor t ing  preliminary r e s u l t s  of experiments which 
were designed t o  inves t iga t e  t h e  e f f e c t s  of a constant long or shor t  photo- . 
period on spontaneous and induced e s t rus .  
1. Effec t  of congtant 16-hour photoperiod: 
Five Parous females screen-paired and under long photoperiod have cycled 
regular ly  s ince  Dec. 15, 1967 (Figure I .).  
which w a s  10-15 days" has gradually lengthened ( s ince  about middle of May, 
e - g *  after 5 months) and i s  now (Sept. 1, e.g.  after 9 months) 25-28 days, 
The periods between e s t rus  
3. 
This seems t o  ind ica te  a slow exhaustion of t h e  regulatory hormonal 
mechanisms. Another group of mice who had been under the  same photo- 
period but  s ing ly  caged were screen-caged Ju ly  26 (e .g .  a f t e r  7 months 
on 16-hour day but not s t imulated) .  They m e  cycling now with a period 
of 10-12 days. (They had not been checked f o r  spontaneous es t rus  during 
t h e  period iii si i igle cages e ) 
alone does not lead t o  exhaustion of t h e  hormonal mechanism o r  not at 
t h e  same r a t e .  as when combined with stimu2.ation. 
This ind ica tes  t h a t  il long photoperiod 
2 ,  Effect  ____-I- of constant l0-ho;r photoperiod: 
O f  four screen-paired females u-ndei- a shor t  photoperiod s ince Feb * 1 
(e.g.  7 months) two have been cycling at t h e  normal period of 12-111 
days,lengthening s ince mid-July ( e . g .  a f t e r  5 months) t o  17-19 days, 
one stopped on July 18 and one began cycling i n  mid-July with a 15-20 day 
period (e .g .  a f t e r  4 months screen-pairing) (Fig.  2 )  This ind ica tes  
t h a t  a shor t  photoperiod per  s e  does not prevent st imulated e s t r u s  
behavior, but t h a t  it may l e a d  t o  a,n "out-of-phase" cycling. O f  %our 
singly-caged females one has cycled at  13-15 days s ince March 28 
(e .g .  5 months)., one stopped- cycling i n  t h e  middle of May (e .g .  after 
2 months) and two have begun cycling at t h e  end of A u g .  ( e . g -  a f t e r  
5 months). 
leads t o  e s t r u s  behavior ou-t-of-phase with n a t u r a l  season. It a l s o  
ind ica tes  t h a t  under OUT conditions some females show p e r s i s t e n t  
spontaneous e s t r u s  under a very shor t  photoperiod. 
This strengthens the  iripressj-or? t h a t  a shor t  photoperiod 
This group of animals w a s  liouscd i n  a roou %here ihe a r t i I " ic ia1  l i g h t  
was su-pposed t o  be synclironized with sunrise  and sunset so t h a t  tk~e  
photoperiod lengthened i n  spr ing and decreased i n  f a l l .  Of fou-r screen- 
paired females > two have cycled s ince the  middle of J a n .  (e  .g. 9 months) - 
(Fig.  3) 
( e .  g .  after 4 months screen-pairing without cycling) e 
caged females, one s t a r t e d  cycling at a photoperiod of 11 hours, two at 
1 2  hours and one at 14 hows.  They are  a l l  cycling now (12-hour photo- 
per iod)  a t  somewhat irregu-lar > but  lengthened periods between e s t r u s .  
The r e s u l t s  of t h i s  experiment are d i f f i c u l t  t o  i n t e r p r e t .  We have 
discovered t h a t  due t o  technica l  d i f f i c u l t i e s  t h e  photoperiod i n  t h i s  
room may not i n  f a c t  have been what they were designed t o  be but  may 
have var ied at random from t i m e  t o  time. 
t h a t  some of these  females w i l l  cycle f o r  a l e a s t  9 consecutive months 
and t h a t  t h e  period teiids t o  increase a f t e r  5 months. 
The other tvo s t a r t e d  cycling i n  mid-April at 13.5 hou.rs/day 
O f  four  singly- 
They do, however, confirm 
Summary : 
1. The adequacy of t h e  semi-purified d i e t  w a s  t e s t e d  on P.Lo- It  was found 
t o  z a i n t a i n  body weight organ weights and hematological parameters at 
the  l e v e l  found i n  a group of animals fed a laixed seed d i e t .  Body f a t  of 
m a l e  P.Lo., but not of  females, appears t o  be increased i n  response t o  the  
synthe t ic  d i e t .  
2. Further study of t he  pro te in  requ-irements of pocket mice has shown t h a t :  
a) Egg albwxin cannot r3place soy pro te in  i n  t h e  semi-pxrificd d i e t .  
b )  P.Lo. seems to have a b e t t e r  tolerance for high methionine l eve l s  
than does P.Pe. 
3. Study of t h e  inf luence of photoperiod on e s t rus  behavior of P.Pe. has shown 
t h a t  ne i ther  a long photoperiod (16 horns) nor a shor t  photoperiod (10 hours) 
supresses spontaneoirs or induced es’crus f o r  at l e a s t  7-9 months. It does, 
however, produce a, lengthening of t he  time between e s t rus  and perraits onset 
and cessat ion of e s t rus  i r r e spec t ive  of na tu ra l  setson.  The pers is tence of 
both spontaneous and induced. cstru.s under a 1-0-hour photoperiod i s  a puzzling 
observation. We are  now inves t iga t ing  whether other  clues f o r  instance 
o l fac tory  s t imulat ion by mater ia l  t ransfer red  on the  cotton gloves used t o  
handle the  a n i m a l s ,  may be overrid-ing the  norina.1 e f f e c t s  of a shor t  photo- 
period. 
Table I. Effects  of methionine and l e v e l  of pro te in  on surv iva l  
of P.Pe. and P.Lo. 
Survival - 
I 
Diet % Methionine 
P.Pe. a l ive  a f t e r :  P.Lo. a l ive  a f t e r :  
(months ) (months ) 
30% soy 0.40 315 7 114 1.5 
30% soy 0 .go 014 1 014 1 
22% soy 0.37 414 > 12 414 >12 
22% soy 0.87 014 3 212 10 
22% casein 0.72 014 1.5 014 1 - 5  
SMD 0.75 414 >12 414 >12 
SMD 1.25 314 8 212 8 
% 
For d i e t  composition see semi-annual report  January-June, 1967. 
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Table 111. Sex difference i n  body f a t  of P.Lo. fed d i f fe ren t  d i e t s  
(g/100 g f resh  carcass) 
Mixed seeds I Mixed seeds I1 Semipurified d i e t  I11 B e l l ' s  -t- Carrots I V  
( 2  months) (1 year )  . (1 year )  (6  months ) 
Female Male Female Male Female Male Female Male 
17.8 22.3 21.0 33.6 36.9 36.0 31.0 -- 
17.8 42.6 19.2 11.9 47.5 39.8 28.3 -I 
++ 
30.5 27.3 39.1 
18.2 
Average 17.8 32.4 20.1 22.7 33.3 34.4 32.8 -- 
-x- 
This animal weighed. only 7 g and w a s  possibly s ick .  
Ta;ble IY. Hematological data of Perognathus longimembris fed  d i f f e ren t  diets .  
46.0 16.4 14.1 0.65 
43.0 16.4 11.7 1.10 
41.0 14.7 10.7 0.90 
43.0 15.9 1 1 . 5  1.01 
42.0 16.1 9.6 1.40 
- --- I___ 
44.0 17'1 10.5 1.65 
30.0 11.0 7.2 2.20 
42.0 16.2 12.0 3.90 
37.2 14.8 9.9 2.58 
43.0 16.6 11.5 2.14 
MCV 
38.0 - 
34.8 
37.4 
- 
37.6 
37.4 
IMCV = mean corpuscular volume. Hematocrit X 10  = p3 
RBC 
2MCH = mean corpuscular hemoglobin. Hemaglobin X 10 = vvg  
RBC 
3MCHC = mean corpuscular hemoglobin concentration. Hemoglobin X l O O  = % 
Hematocrit 
-- 
I 
MCH 
- 
t2.9 - 
t2.4 
I_ 
13.8 
- 
L5.0 
~ 4 . 6  
I_ 
ilCHC 
I_ 
34.0 
35 * 7 
36.9 
I_- 
39.7 
38.6 
'Mean values without animal $261 who i s  0bviou.sly out-of-line I 
